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(57) ABSTRACT 

The present application discloses a system and a method for 
tag estimation and anti-collision in an RFID system, which 
can estimate an exact number of tags within an RF area and 
can rapidly identify tags by using the estimated number of 
tags in an RFID system. The system includes an RFID reader 
and RFID tags. The RFID reader includes an identification 
means, a collision management means, a tag number estima 
tion means, and a reader control means. The RFID tag 
includes a tag communication means, a message reading 
means, a counter management means, an information storage 
means, and a tag control means. The disclosed system and 
method can prevent occurrence of too many idle times slots in 
the DFSA and too many initial collisions in the binary tree 
scheme, and thus can identify a large number of tags at a high 
speed with a small number of timeslots. 
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Figure 1b 
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Figure 1c 
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Figure 2 
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Figure 3 
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Figure 4a 
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Figure 4b 
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Figure 5a 
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Figure5b 
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Figure 7 
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SYSTEM FORTAGESTMLATION AND 
ANT-COLLISION AND METHOD THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. The present application claims, under 35 U.S.C. 
S119(a), the benefit of Korean Patent Application No. 
10-2006-0132162, filed Dec. 21, 2006, the entire contents of 
which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the invention 
0003. The present invention relates to a system and 
method for tag estimation and anti-collision of a Radio Fre 
quency Identification (hereinafter, referred to as RFID) sys 
tem, and more particularly to a system and method for tag 
estimation and anti-collision in an RFID system, in which an 
exact number of tags is estimated, information is transmitted 
based on a Framed-Slotted ALOHA (hereinafter, referred to 
as FSA) Scheme by using an estimated number of tags, and 
the colliding tags are separated according to the binary tree 
scheme, thereby achieving rapid identification of the tags. 
0004 2. Background Art 
0005. As generally known in the art, an RFID system is 
one of the fields for automatic identification, such as bar 
codes and magnetic cards, and can be applied to various 
applied fields. Such as personal identification, product iden 
tification, location tracking, and banking services. One 
applied field in which the RFID is most available is the 
logistics management in which the RFID can replace the 
existing bar codes. 
0006. In a case where a plurality of RFID tags exist in a 
radio frequency area of a reader in an RFID system, if mul 
tiple tags simultaneously transmit their identifier (ID) infor 
mation to the reader at the time point when the reader wants 
to identify the tags, collision occurs between the transmitted 
ID information items, so that the reader cannot identify exact 
information of the tags. When such collisions increase, the 
reader requires more time in order to identify all of the tags. 
Therefore, an effective anti-collision technology is necessary 
in order to improve the identification speed of the RFID 
system. 
0007. The anti-collision technology is classified in large 
into an ALOHA-based scheme and a tree-based scheme. The 
ALOHA-based scheme mainly uses FSA and the tree-based 
scheme mainly uses the binary tree. 
0008. The FSA is a kind of slotted ALOHA scheme, in 
which time frame is divided into a predetermined number of 
time slots, and tags access a wireless channel by transmitting 
ID information based on the time slot unit. Tags generate 
random numbers within a predetermined frame size and 
access the time slot according to the order of the random 
numbers. If multiple tags generate the same random number, 
the tags access the same time slot and collide with each other. 
The probability of collision is determined by the number of 
tags and the size of the frame. Therefore, it is necessary to 
adjust the size of the frame according to the number of tags to 
be identified. An FSA having a changing frame size is called 
a Dynamic framed slotted ALOHA (hereinafter, referred to as 
DFSA). 
0009. The DFSA, an FSA changing the frame size accord 
ing to situations, may use various methods for determining 
the frame size, which include a method of increasing the 
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frame size when the collision probability exceeds a predeter 
mined value while decreasing the frame size when the colli 
sion probability is below the predetermined value, and a 
method of estimating the number of tags by using previous 
frame collision and Success probability, etc. and then using an 
optimum frame size based on the estimation. It is already 
known in the art that the frame size showing an optimum 
identification performance is equal to the number of tags. 
0010. In the conventional method of estimating the num 
ber of tags, the number of tags is calculated and estimated by 
using the size of a previous frame and the collision probabil 
ity. The calculation of the number of tags is possible because 
the collision probability is a function of the frame size and the 
number of tags. However, when the size of the previous frame 
is too small in comparison with the actual number of tags, the 
collision probability of the tags approaches 1. Then, due to the 
characteristics of the exponential function, the estimation of 
the number of tags may be either impossible or incorrect. 
Therefore, the size of the initial frame is important in order to 
achieve estimation and identification of an exact number of 
tags. However, there is no reference for determination of the 
size of the initial frame in the initial stage, and it is thus 
necessary to optionally determine and use the size of the 
initial frame. 
0011. According to the “EPCTM radio-frequency identi 
fication protocols class-1 generation-2 UHF RFID protocol 
for communications at 860 MHZ-960 MHz Version 1.0.9, 
EPCglobal, January 2005, which is a standard using the 
DFSA, tags generate random numbers within a predeter 
mined range and transmit IDS according to the order of the 
generated random numbers, colliding tags try the transmis 
sion at a next frame, and the range of the random number is 
increased or decreased according to the collision probability, 
So as to achieve rapid identification. 
0012. According to the binary tree scheme, which is 
another technology for preventing tag collision, all tags trans 
mit their ID information to a reader in the first stage of the 
identification process. When collision occurs, the colliding 
tags randomly select 0 or 1 and add the selected value to their 
own counters, while the tags without relation to the collision 
unconditionally add 1 to their own counters. Each of the 
counters has an initial value of 0. The counter decreases each 
time slot. At the moment when the counter becomes 0, a 
corresponding tag transmits its ID information to the reader, 
and the colliding tags are divided into two groups, so as to 
avoid the collision. 
0013. According to the “Information technology auto 
matic identification and data capture techniques—radio fre 
quency identification for item management air interface— 
part 6: parameters for air interface communications at 860 
960 MHz, ISO/IEC FDIS 18000-6, November 2003, which 
is an RFID standard using the binary tree scheme, all tags 
simultaneously transmit data in the initial stage, and the tags 
are divided into two groups by selecting 0 or 1 when collision 
occurs. Then, this process is repeated until no collision occurs 
any more. Then, it is possible to identify all the tags. 
0014. One example of such technology for preventing tag 
collision is disclosed in Korean patent registration No. 
0648853 (registered on Nov. 16, 2006 and entitled “Method 
For Preventing Tag Collision. In A Radio Frequency Identifi 
cation System'). 
0015 The method for preventing tag collision technology 
disclosed in Korean patent registration No. 0648853 includes 
the steps: (a1) detecting the number of tags causing collision 
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within a Radio Frequency (RF) field; (b1) generating a ran 
dom number having a short bit when the number of tags is 
below a predetermined threshold and generating a random 
number having along bit when the number of tags exceeds the 
predetermined threshold; (c1) each tag generating collision 
preventing ID information having a length of m bits (ms 12) 
by receiving the random number having a short bit when the 
random number having a short bit has been generated in step 
(b1) and generating collision preventing ID information hav 
ing a length of n bits (12<ns24) by receiving the random 
number having a long bit when the random number having a 
long bit has been generated in step (b1); (d1) accessing each 
tag and processing data. That is to say, according to the 
method disclosed in Korean patent registration No. 0648853, 
the number of tags within the RF area is detected, so that the 
collision is prevented by using a small random number range 
when the detected number is below a predetermined value 
while using a large random number range when the detected 
number exceeds the predetermined value. Further, ID infor 
mation items having different lengths are generated accord 
ing to the number of colliding tags, so as to achieve more rapid 
data processing. Therefore, the method for preventing tag 
collision in an RFID System disclosed in Korean patent reg 
istration No. 0648853 can sharply increase the number of tags 
which can be simultaneously processed within a unit time 
period. 
0016 Further, another example of the tag collision pre 
venting technology is disclosed in Korean patent registration 
No. 0567963 (registered on Mar. 30, 2006 and entitled 
“Method For Identifying Tags At A High Speed By Using A 
Division Response Frame ALOHA Scheme In An RFID Sys 
tem”). 
0017. The method for identifying tags at a high speed by 
using a division response frame ALOHA scheme in an RFID 
system disclosed in Korean patent registration No. 0567963 
includes the steps of: (a2) estimating the number of uniden 
tified tags (Tag) from responses of RFID tags to a spe 
cific number request message of an RFID reader, and then 
comparing the number of unidentified tags (Tag,) with a 
predetermined number of tags (Tags); (b2) selecting 
RFID tags capable of responding to the RFID reader by 
determining the number of division groups and limiting the 
number of tags responding to the RFID reader when the 
number of unidentified tags (Tag,) is larger than the 
predetermined number of tags (Taga) (c.2) estimating 
the number of unidentified tags (Tag,) by receiving 
responses to the specific number request message of the RFID 
reader from the RFID tags selected in step (b2); (d2) compar 
ing the number of unidentified tags (Tag) with a prede 
termined number of tags (Tag) and repeatedly per 
forming steps (b2) and (c2) until the number of unidentified 
tags (Tag,) becomes Smaller than the predetermined 
number of tags (Tags); (e2) when the number of uni 
dentified tags (Tag,) is Smaller than the predetermined 
number of tags (Tagiri), adjusting the size of the frame 
by determining an optimum frame size, and estimating the 
number of unidentified tags (Tag,) by receiving the num 
ber of responses of the RFID tags to the specific number 
request message of the RFID reader; (f2) repeatedly perform 
ing step (e2) until the number of unidentified tags (Tag) 
becomes 0. According to the method disclosed in Korean 
patent registration No. 0567963, tags are divided into a pre 
determined number of groups and the divided groups are 
individually identified, when an estimated number of tags is 
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larger than a predetermined value and a maximum frame size 
is predetermined in the FSA scheme. According to the esti 
mated number of tags, the size of the frame is adjusted or the 
number of responding tags is limited. As a result, according to 
the method for identifying tags at high speed by using a 
division response frame ALOHA scheme in an RFID system 
disclosed in Korean patent registration No. 0567963, the 
RFID reader can identify the tags with efficiency over a 
predetermined value regardless of change in the number of 
tags. 
0018. Another example of tag collision preventing tech 
nology is disclosed in a treatise by J. Myung, W. Lee, and J. 
Srivastava, entitled "Adaptive Binary Splitting for Efficient 
RFID Tag Anti-Collision” (IEEE Comm. Letter, vol. 10 no.3 
pp. 144-146, March 2006). According to this technology, 
transmission is based on a binary tree scheme, but tags store 
the transmission order in a memory without initializing the 
transmission order, so that the stored transmission order can 
be used for the next transmission. As a result, this technology 
can reduce the probability of collision when the same area 
should be read many times. 
0019. Further, another example of tag collision preventing 
technology is disclosed in a treatise by J. Cha and J. Kim, 
entitled “Novel Anti-collision Algorithms for Fast Object 
Identification in RFID System” (in Proc. of Parallel and Dis 
tributed System, Vol. 2, pp. 63-67, July 2005). This technol 
ogy proposes a method of estimating the number of tags based 
on the collision probability according to the FSA scheme and 
presenting an optimum frame size according to the number of 
tags. 
0020 Moreover, another example oftag collision prevent 
ing technology is disclosed in a treatise by S. Lee, S. Joo, and 
C. Lee, entitled “An Enhanced Dynamic Framed Slotted 
ALOHA Algorithm for RFID Tag Identification” (in Proc. of 
MobiOuitous, pp. 166-172, July 2005). According to this 
technology, tags are divided into a predetermined number of 
groups and the divided groups are individually identified, 
when an estimated number of tags is larger than a maximum 
frame size predetermined based on the FSA scheme. 
0021 However, according to the conventional ALOHA 
scheme, because the initial frame size is optionally fixed, the 
estimated number of tags is incorrect for the optimum frame 
size. Even in the case of DFSA using a known optimum frame 
size, idle time slots are generated within many frames, 
thereby increasing a waste of channel time during the estima 
tion of the number of tags. 
0022. Further, according to the conventional binary tree 
method, each of the collided groups is always divided into 
two Sub-groups regardless of the number of tags after all tags 
are transmitted. Therefore, when there are many tags, too 
many collisions occur in the initial tag identification stage, 
thereby degrading the identification time performance. 
(0023. Further, Korean Patent Registration Nos. 0648853 
and 0567963 fail to disclose a detailed method for detecting 
the number of tags. 
0024 Moreover, the method disclosed in the treatise by J. 
Myung, W. Lee, and J. Srivastava cannot show a good perfor 
mance because the initial tag identification is achieved in 
completely same way as that of the binary tree method. More 
over, this method can have a good performance in the reading 
after the initial stage only when there are a similar number of 
tags within the area. 
0025. In addition, the method disclosed in the treatise by J. 
Cha and J. Kim is relatively exact when the collision prob 



US 2008/O 150674 A1 

ability is low. However, as the collision probability 
approaches 1, it is impossible to achieve exact estimation. 
That is to say, for the first frame, it is impossible to determine 
the frame size through estimation, and it is thus inevitable to 
use a fixed initial frame size. When the fixed initial frame size 
is much smaller than the actual number of tags, the collision 
probability approaches 1 and it is thus impossible to estimate 
the exact number of tags. 
0026. Also, according to the method disclosed in the trea 

tise by S. Lee, S.Joo, and C. Lee, the estimation of the number 
of tags becomes incorrect when the collision probability is 
high. 

SUMMARY OF THE INVENTION 

0027. Accordingly, the present invention has been made to 
Solve the above-mentioned problems occurring in the prior 
art, and an object of the present invention is to provide a 
system and method for tag estimation and anti-collision, in 
which colliding tags can clear away the collision according to 
a binary tree scheme. 
0028. It is another object of the present invention to pro 
vide a system and method for tag estimation and anti-colli 
sion, which can achieve rapid identification of RFID tags by 
preventing performance degradation by collision time slots 
due to the initial collision in the binary tree scheme and the 
idle time slots of the DFSA. 
0029. It is another object of the present invention to pro 
vide a system and method for tag estimation and anti-colli 
sion, which can remarkably reduce the initial collision by 
performing the transmission in a way similar to the FSA 
scheme in the initial stage and then separating only the col 
liding tags as in the binary tree scheme. 
0030. It is another object of the present invention to pro 
vide a system and method for tag estimation and anti-colli 
Sion, which can achieve a good performance even in the initial 
stage of trying the tag identification, tries tag number estima 
tion after reducing the number of responding tags for exact 
tag number estimation when the collision probability exceeds 
a predetermined value, and can show a higher performance 
than the performance by the methods disclosed in the treatises 
described above by removing the limit in the maximum frame 
S17C. 

0031. In order to accomplish this object, there is provided 
a system for preventing collision, which may occur when a 
Radio Frequency Identification (RFID) reader identifies an 
RFID tag in an RFID system including the RFID reader and 
the RFID tag, wherein the RFID reader includes: an identifi 
cation means for transmitting an instruction message to the 
RFID tag and receiving information from the RFID tag; a 
collision management means for recognizing collision 
between the RFID tags and calculating a collision probabil 
ity; a tag number estimation means for estimating the number 
of tags by using the collision probability; and a reader control 
means for generating the instruction message, setting a size of 
a frame to be used in identification of the RFID tag based on 
the estimated number of tags, and controlling identification of 
the RFID tag, wherein the RFID reader performs a tag num 
ber estimation phase and an identification phase in order to 
identify the RFID tag, identifies the RFID tag according to 
Framed-Slotted ALOHA (FSA) scheme by using the esti 
mated number of tags, and identifies colliding tags according 
to a binary tree scheme. 
0032. The RFID tag may include: a tag communication 
means for receiving an instruction message from the RFID 
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reader and transmitting stored internal information to the 
RFID reader, a message reading means for reading the 
instruction message; a counter management means for man 
aging a counter value used for transmission of information to 
the RFID reader, an information storage means for storing 
information; and a tag control means for controlling trans 
mission of information based on the instruction message and 
the counter value. 
0033. The instruction message includes information about 
if the estimation phase or the identification phase is to be 
performed, frame size information, and bitmask information 
containing a setup about if it is necessary to respond to the 
instruction message. 
0034. The collision management means compares the cal 
culated collision probability with a collision probability 
threshold, the reader control means changes the bitmask 
information and retransmits the changed bitmask information 
to the RFID tag through the identification means so that only 
the RFID tag reduced as much as a reduction factor can 
respond, when the calculated collision probability exceeds 
the collision probability threshold, and the collision manage 
ment means repeatedly calculates the collision probability 
until the collision probability becomes lower than the colli 
sion probability threshold. 
0035. The number n of the RFID tags is defined by 

Poll = 1 - Pidie - Pucc 

1 in 1 

= 1 -(1- ) -n ( - ) 

0036) wherein P. denotes a collision probability, P. 
denotes an idle probability, P. denotes a Success probabil 
ity, and L. denotes the frame size. 
0037. The tag number estimation means has repeatedly 
calculated the collision probability, the tag number estima 
tion means estimates the number of RFID tags by multiplying 
the calculated number of RFID tags by a reduction factor 
corresponding to the number of repetition. 
0038. The counter management means generates a ran 
dom number within the frame size included in the instruction 
message and uses the generated random number as the 
counter value. 
0039. The counter management means decreases the 
counter value by 1 when the time slot, which is a unit of the 
frame, is a Successful slot or an idle slot, and the tag control 
means transmits the information to the RFID reader when the 
counter value becomes 0. 
0040. When the collision management means recognizes 
occurrence of collision, a counter management means of a 
colliding RFID tag selects 0 or 1 and adds the selected value 
to its current counter value, and a counter management means 
of an un-colliding RFID tag adds 1 to its current counter 
value. 
0041. In accordance with another aspect of the present 
invention, there is provided a method for preventing collision, 
which may occur when an RFID reader identifies an RFID tag 
in an RFID system including the RFID reader and the RFID 
tag, the method including the steps of: (1) performing a tag 
number estimation phase for estimating the number of RFID 
tags by the RFID reader and the RFID tag; and (2) performing 
an identification phase in order to identify the RFID tag by the 
RFID reader, wherein, in step (2), the RFID tag is identified 
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according to the FSA scheme by using the number of tags 
estimated in the tag number estimation phase, and colliding 
tags are identified according to a binary tree scheme. 
0042 Step (1) includes the steps of transmitting an 
instruction message within an initial frame size by using the 
FSA scheme from the RFID reader to the RFID tag; trans 
mitting information stored according to the received instruc 
tion message from the RFID tag to the RFID reader; recog 
nizing collision between the RFID tags and calculating a 
collision probability by the RFID reader; estimating the num 
ber of RFID tags by using the collision probability by the 
RFID reader; and setting the number of tags estimated in the 
tag number estimation phase as the size of the frame. 
0043 Step (2) includes the steps of transmitting the 
instruction message to the RFID tag by the RFID reader; 
transmitting information stored according to the received 
instruction message to the RFID reader by the RFID tag: 
determining by the RFID reader if the RFID tag has collided; 
and identifying the RFID tag according to the FSA scheme or 
the binary tree scheme based on a result of the determination 
by the RFID reader. 
0044) The instruction message includes information about 
if the estimation phase or the identification phase is to be 
performed, frame size information, and bitmask information 
containing a setup about if it is necessary to respond to the 
instruction message. 
0045. The step of calculating the collision probability 
includes the steps of comparing the calculated collision 
probability with a collision probability threshold by the RFID 
reader; changing the bitmask information and re-transmitting 
the changed bitmask information to the RFID tag through the 
identification means so that only the RFID tag reduced as 
much as a reduction factor can respond, when the calculated 
collision probability exceeds the collision probability thresh 
old; and repeatedly calculating the collision probability until 
the collision probability becomes lower than the collision 
probability threshold. 
0046. In step (1), the number n of RFID tags is defined by 

Poll = 1 - Pidie - Pucc 

1 in 1 1 n-1 

= 1 - (- ) -n ( - ) 

0047 wherein P. denotes a collision probability, P. 
denotes an idle probability, P. denotes a Success probabil 
ity, and L. denotes the frame size. 
0048. In step (1), when the collision probability has been 
repeatedly calculated, the number of RFID tags is estimated 
by multiplying the calculated number of RFID tags by a 
reduction factor corresponding to the number of repetition. 
0049. Each of the steps of transmission to the RFID reader 
includes the steps of receiving and reading the instruction 
message, determining which step to be performed from 
among the tag number estimation step and the identification 
step, and determining if it is necessary to respond, by the 
RFID tag; generating a random number within the frame size 
included in the instruction message and generating a counter 
value used for transmission of information by using the gen 
erated random number, decreasing the counter value by 1 by 
the RFID tag when the time slot, which is a unit of the frame, 
is a successful slot or an idle slot; determining by the RFID 
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tag if the counter value is 0; and transmitting the information 
to the RFID reader when the counter value is 0. 
0050. When the collision management means recognizes 
occurrence of collision, the step of identifying the RFID tag in 
step (2) includes the steps of selecting 0 or 1 and adding the 
selected value to a current counter value of a colliding RFID 
tag by the colliding RFID tag; adding 1 to a current counter 
value of an un-colliding RFID tag by the un-colliding RFID 
tag; and identifying the RFID tag again by the RFID reader. 
0051. The present invention provides a new method for 
estimating an exact number of tags within an RF area and 
rapidly identifying tags by using the estimated number of tags 
in an RFID System, which can overcome the shortcomings of 
the prior art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.052 The above and other objects, features and advan 
tages of the present invention will be more apparent from the 
following detailed description taken in conjunction with the 
accompanying drawings, in which: 
0053 FIGS. 1a to 1c are block diagrams illustrating a 
system for tag estimation and anti-collision according to the 
present invention; 
0054 FIG. 2 is a signal flow diagram illustrating a method 
for estimation of the number of RFID tags and anti-collision 
according to an embodiment of the present invention; 
0055 FIG. 3 is a graph illustrating a relation between the 
number of tags, the frame size, and the measured collision 
probability according to an embodiment of the present inven 
tion; 
0056 FIGS. 4a and 4b are flow diagrams illustrating an 
operation of an RFID reader according to an embodiment of 
the present invention; 
0057 FIGS. 5a and 5b are flow diagrams illustrating an 
operation of an RFID tag according to an embodiment of the 
present invention; 
0.058 FIG. 6 illustrates a process of estimation and iden 
tification of the number of tags according to an embodiment 
of the present invention; and 
0059 FIG. 7 is a graph illustrating comparison between 
the present invention and the prior art. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0060 Hereinafter, a preferred embodiment of the present 
invention will be described with reference to the accompany 
ing drawings. In the following description and drawings, the 
same reference numerals are used to designate the same or 
similar components, and so repetition of the description on 
the same or similar components will be omitted. 
0061 FIGS. 1a to 1c are block diagrams illustrating a 
system for tag estimation and anti-collision according to the 
present invention. 
0062. As shown in FIG.1a, a system fortagestimation and 
anti-collision according to the present invention includes an 
RFID reader 100 and RFID tags 200, which are basic ele 
ments of an RFID system. A detailed description about tech 
nology in relation to the RFID reader 100 and the RFID tag 
200 is omitted here, because it is known in the art. The RFID 
reader 100 shown in FIG. 1a performs divided steps of esti 
mation and identification of the number of tags, in order to 
identify the RFID tag 200. Then, by using the estimated 
number of tags, the RFID reader 100 identifies the RFID tag 
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200 according to the FSA scheme. When collision has 
occurred, the RFID reader 100 identifies the collided RFID 
tags according to the binary tree scheme. 
0063 Referring to FIG. 1b, the RFID reader 100 accord 
ing to the present invention includes, further to the elements 
of a typical RFID reader, an identification means 10 for trans 
mitting an instruction message to the RFID tag 200 and 
receiving information from the RFID tag 200, a collision 
management means 11 for recognizing collision between the 
RFID tags 200 and calculating a collision probability, a tag 
number estimation means 12 for estimating the number of 
tags by using the collision probability calculated by the col 
lision management means 11, and a reader control means 13 
for generating the instruction message to be transmitted to the 
RFID tag 200, setting the size of a frame to be used in the 
identification according to the estimated number of tags, con 
trolling identification of the RFID tag 200, and generally 
controlling inner elements of the RFID reader 100. 
0064. Further, Referring to FIG. 1c, the RFID tag 200 
according to the present invention includes, further to the 
elements of a typical RFID tag, a tag communication means 
20 for receiving an instruction message from the RFID reader 
100 and transmitting stored internal information to the RFID 
reader 100, a message reading means 21 for reading the 
received instruction message, a counter management means 
22 for managing a counter value used for transmission of 
information to the RFID reader 100, an information storage 
means 23 for storing information, and a tag control means 24 
for controlling transmission of information based on the 
instruction message and the counter value. 
0065. The instruction message transmitted to the RFID tag 
200 by the RFID reader 100 includes information about if the 
process to be performed is a tag number estimation process or 
a tag number identification process, information about the 
size of the frame to be used in the identification process, and 
bitmaskinformation containing a setup about if it is necessary 
to respond to the instruction message. 
0066. Hereinafter, a method for tag estimation and anti 
collision according to the present invention will be described 
with reference to FIGS. 2 to 6. 
0067 FIG. 2 is a signal flow diagram illustrating a method 
for estimation of the number of RFID tags and anti-collision 
according to an embodiment of the present invention. 
0068. In the method for estimation of the number of RFID 
tags and anti-collision according to an embodiment of the 
present invention as shown in FIG. 2, the tag identification is 
performed in two phases, which include a phase of estimating 
the number of tags and a phase of identifying the number of 
tags. In the phase of estimating the number of tags, the num 
ber of tags is exactly estimated by using minimum time slots. 
In the phase of identifying the number of tags, the number of 
tags is rapidly and efficiently identified based on the esti 
mated number of tags (frame size). Especially, in the phase of 
identifying the number of tags, the RFID tag 200 is identified 
according to the FSA scheme by using the number of tags 
estimated in the estimation phase, and collided RFID tags 200 
are identified according to a binary tree scheme. 
0069 First, in the estimation phase, the identification 
means 10 of the RFID reader 100 transmits an instruction 
message to the tag communication means 20 of the RFID tag 
200 within an initial frame size by using the FSA scheme 
(step ST2100). Next, the message reading means 21 of the 
RFID tag 200 reads the received instruction message and the 
tag control means 24 determines if it is necessary to transmit 
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information (step ST2110). Then, the tag communication 
means 20 transmits the information stored in the information 
storage means 23 to the identification means 10 (step 
ST2120). The collision management means 11 of the RFID 
reader 100 identifies collision between the RFID tags 200 and 
calculates the collision probability (step ST2130). The tag 
number estimation means 12 of the RFID reader 100 esti 
mates the number of tags based on the calculated collision 
probability (step ST2140). The reader control means 13 of the 
RFID reader 100 sets the estimated number of tags as the 
frame size (step ST2200). 
0070 Next, in the identification phase, the reader control 
means 13 of the RFID reader 100 generates an instruction 
message again and transmits the instruction message to the 
tag communication means 20 of the RFID tag 200 through the 
identification means 10 (step ST2210). The transmitted 
instruction message includes the frame size determined based 
on the number of tags estimated in the estimation phase. The 
RFID tag 200 transmits internally stored information to the 
identification means 10 of the RFID reader 100 according to 
an instruction message received as in steps ST2110 and 
ST2120 (step ST2230). The collision management means 11 
of the RFID reader 100 determines collision of the RFID tags 
200 (step ST2240), and identifies the RFID tags according to 
the FSA scheme or the binary tree scheme based on the result 
of the determination (steps ST2250 and ST2260). 
0071. The instruction message transmitted by the RFID 
reader 100 includes information about if the process to be 
performed corresponds to the estimation phase or the identi 
fication phase, frame size information, and bitmask informa 
tion containing a setup about if it is necessary to respond to 
the instruction message. Especially, in order to enable the 
RFID tag 200 to discriminate between the estimation phase 
and the identification phase, a Flag, bit is added into the 
Query frame, which is an instruction message transmitted to 
the RFID tag 200. When Flag-1, it implies the estimation 
phase. In contrast, when Flag 0, it implies the identifica 
tion phase. 
0072. In the estimation phase, the RFID tags 200 transmit 
their information to the RFID reader 100 within the initial 
frame size by using the FAS, and the RFID reader 100 mea 
sures the collision probability. The RFID reader 100 esti 
mates the number of tags (n) by using equation (1) below 
based on the initial frame size (L) and the measured collision 
probability (P). 

Poll = 1 - Pidie - Pucc (1) 

1 in 1 1 n-1 = 1 -(1-p) -n ( - ) 

0073. Inequation (1), Prefers to the idle probability and 
Prefers to the Success probability. 
0074 FIG. 3 is a graph illustrating a relation between the 
number of tags (n), the frame size (L), and the measured 
collision probability (P) according to an embodiment of 
the present invention. 
(0075. As noted from FIG.3, when the collision probability 
is high, even a small change in the collision probability may 
cause abrupt change in the number of tags. Therefore, when 
the collision probability is high, it is highly probable that the 
estimation of the number of tags may be incorrect. In order to 
Solve such a problem, the present invention uses a relatively 
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Small fixed frame size (L) in the estimation phase, and the 
collision management means 11 compares the calculated col 
lision probability with a collision probability threshold (P. 
th) and lowers the collision probability by reducing the num 
ber of responding tags when the calculated collision 
probability exceeds the collision probability threshold (P. 
th). That is, the reader control means 13 changes the bitmask 
information, thereby reducing the number of responding tags, 
so that only the RFID tags 200 reduced as much as a reduction 
factor (fl. 1/f C1) from among all RFID tags 200 can respond. 
The changed bitmask information is inserted in the instruc 
tion message, which is then retransmitted to the RFID tag 200 
through the identification means 10, and the collision man 
agement means 11 repeatedly performs re-calculation of the 
collision probability until the obtained collision probability 
becomes smaller than the collision probability threshold 
(P). In this way, when the collision probability of the 
estimation phase is repeatedly calculated, the tag number 
estimation means 12 of the RFID reader 100 multiplies the 
calculated tag number by the reduction factor (fA) as many 
times as the times of repetition in order to estimate the actual 
number of tags. The tag number (n) obtained in this way 
corresponds to a frame size (L) of the identification phase. 
0076. Hereinafter, steps ST2110, ST2120, ST2220, and 
ST2230, in which the RFID tag 200 receives an instruction 
message and transmits information to the RFID reader 100 
during the estimation phase and the identification phase, will 
be described in detail. 

0077 First, the tag communication means 20 of the RFID 
tag 200 receives the instruction message, the message reading 
means 21 reads the received instruction message, and the tag 
control means 24 determines which process is to be per 
formed and if it is necessary to respond to this message. When 
which process to be performed is understood and it is neces 
sary to respond to this message, the counter management 
means 22 of the RFID tag 200 generates random numbers 
within the frame size included in the instruction message and 
generates a counter value used in transmission of the infor 
mation. When a timeslot, which is a unit of the frame, is either 
a Successful time slot or an idle time slot, the counter man 
agement means 22 decreases the counter value 1 by 1 and 
determines if the counter value is 0. When the counter value 
becomes 0, the counter management means 22 transmits 
information including its own ID stored in the information 
storage means 23 to the RFID reader 100. 
0078 If collision occurs, the collided RFID tags 200 ran 
domly select 0 or 1 and add the selected value to their current 
counter value, and the RFID tags 200 having no relation to the 
collision add 1 to their current counter value, thereby sepa 
rating the colliding tags into two groups, and the RFID reader 
100 then identifies the RFID tag 200 again. 
0079 FIGS. 4a to 5b illustrate a method fortagestimation 
and anti-collision according to the present invention in more 
detail. 
0080 FIG. 4a is a flow diagram illustrating an operation of 
an RFID reader according to an embodiment of the present 
invention. 
0081. As shown in FIG. 4a, the identification means 10 of 
the RFID reader 100 transmits a query, which is an instruction 
message, to the RFID tag 200, thereby starting the tag number 
estimation phase (step ST2100). The transmitted query 
includes Small fixed frame size (L) information, bitmask 
information, and flag information representing the tag num 
ber estimation process. According to the instruction transmit 
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ted to the RFID tag 200, the RFID reader 100 receives infor 
mation from the RFID tag 200, and the collision management 
means 11 identifies occurring collision and calculates the 
collision probability (P) (step ST2130). The collision man 
agement means 11 compares the calculated collision prob 
ability (P) with the collision probability threshold (P. 
th), and the reader control means 13 reduces the number of 
responding tags by changing the bitmask information, in 
order to reduce the collision probability (P), when the 
calculated collision probability (P) exceeds the collision 
probability threshold (P). The reader control means 13 
generates the instruction message again based on the changed 
bitmask information, transmits the generated instruction 
message to the RFID tag 200, and then repeatedly performs 
steps ST2130 and ST2131. When the determination in step 
ST2131 concludes that the collision probability (P) does 
not exceed the collision probability threshold (P), the 
number of tags (n) is estimated by using equation (1) (step 
ST240). When step ST2132 is performed, the actual number 
of tags is exactly obtained based on the number of repetition 
as described above. 

I0082. After the tag number estimation phase is performed, 
the next phase, that is, the identification phase is performed as 
shown in FIG. 4b. 

I0083) Referring to FIG. 4b, the reader control means 13 
sets the estimated number of tags as the frame size (step 
ST2200). Therefore, the frame size (L) in the initial setting 
that starts the identification phase is set as n, the last slot (End 
Slot) of the frame is set as L equal to the frame size, and the 
current slot is set to have a value of 0. The reader control 
means 13 transmits an instruction message including Such 
information to the RFID tag 200 through the identification 
means 10 (step ST2210). Then, Flag is set to have a value of 
O that refers to the identification phase. According to the 
instruction transmitted to the RFID tag 200, the RFID reader 
100 receives information from the RFID tags 200, and the 
collision management means 11 determines if collision 
occurs (step ST2240). When collision does not occur, the 
reader control means 13 increases the current slot by 1, so that 
the next RFID tag 200 can be identified (step ST2241). When 
collision occurs, the reader control means 13 increases the 
end slot value by 2, thereby overcoming the collision of the 
RFID tags 200 and enabling identification of the RFID tags 
200 (step ST2242). The reader control means 13 determines if 
the identification has been performed up to the last slot, or the 
end slot (step ST2243) and terminates the tag identification 
when it is the end slot (step ST2244). 
I0084 FIGS. 5a and 5b are flow diagrams illustrating an 
operation of an RFID tag according to an embodiment of the 
present invention. 
I0085. As shown in FIG. 5a, first, the tag communication 
means 20 of the RFID tag 200 receives a query, which is an 
instruction message, from the RFID reader 100 (step 
ST2110). The received query includes frame size informa 
tion, bitmask information, and flag information (Flag), and 
the message reading means 21 reads the message. When the 
read message corresponds to Flag, 1. it implies that the 
current phase to be performed is a tag estimation phase (step 
ST2111), and that it is necessary to respond to the received 
instruction message when the bitmask is satisfied (step 
ST2112). That is, it implies that the message itself corre 
sponds to an RFID tag to be identified by the RFID reader 
100. Next, the counter management means 22 generates ran 
dom numbers within the frame size included in the instruction 



US 2008/O 150674 A1 

message, thereby generating a counter value used in the trans 
mission of information (step ST2113). When a time slot, 
which is a unit of the frame, is either a successful time slot or 
an idle timeslot, the counter management means 22 decreases 
the counter value 1 by 1 (step ST2115) and determines if the 
counter value is 0 (step ST2114). When the counter value 
becomes 0, the counter management means 22 transmits 
information including its own ID stored in the information 
storage means 23 to the RFID reader 100 (step ST2120). 
Then, the RFID reader 100 calculates the collision probability 
(P) and estimates the tag number (n), thereby setting the 
frame size (L). 
I0086. If the determination in step ST2111 concludes that 
Flag. =0, it implies that the current phase to be performed is 
the identification phase. Therefore, it is determined if the 
bitmask is satisfied (step ST2220) and the identification phase 
is performed. The counter management means 22 generates a 
random number within the frame size included in the instruc 
tion message, thereby generating a counter value used in 
transmitting the information (step ST2221). When a time slot, 
which is a unit of the frame, is either a successful time slot or 
an idle timeslot, the counter management means 22 decreases 
the counter value 1 by 1 (step ST2224) and determines if the 
counter value is 0 (step ST2222). When the counter value 
becomes 0, the counter management means 22 transmits 
information including its own ID stored in the information 
storage means 23 to the RFID reader 100 (step ST2230). 
Then, the reader control means 13 determines if an Acknowl 
edgement (ACK) to the transmitted information is received 
(step ST2231) and terminates the transmission of information 
when an ACK is received, which implies that collision has not 
occurred (step ST2232). In contrast, if an ACK is not 
received, which implies that the RFID tag 200 itself is a 
collided tag, the reader control means 13 randomly selects 0 
or 1 and adds the selected value to the counter value (step 
ST2260). Further, when collision occurs between other tags 
before the counter value becomes 0 (step ST2223), the reader 
control means 13 adds 1 to the counter value. 

0087 FIG. 6 illustrates a process of estimation and iden 
tification of the number of tags according to an embodiment 
of the present invention. 
0088 Referring to FIG. 6, collision has occurred at the 
third time slot between RFID tag #1 200, RFID tag #3 200, 
and RFID tag #4 200. Each of the colliding tags, which 
include RFID tag #1200, RFID tag #3200, and RFID tag #4 
200, randomly selects 0 or 1 and adds the selected value to its 
own counter value. However, RFID tag #5200, which has not 
participated in the collision, increases its own counter value 
by 1. RFID tag #4 200 selects 0 and thus makes a successful 
identification at the fourth time slot. RFID tag #1 200 and 
RFID tag #3200 collide with each other again at the fifth time 
slot because they selected 1. Then, RFID tag #1200 selects 0 
and makes a success at the sixth time slot, and RFID tag #3 
200 selects 1 and makes a success at the seventh time slot. 
After all collision is cleared away, the counter value of RFID 
tag #5200 becomes 0, and RFID tag #5200 finally transmits 
its ID to the RFID reader 100. Then, identification of all RFID 
tags 200 is finished. 
0089. According to the present invention as described 
above, the determination of the frame size in the process of 
estimation and identification of the number of tags is per 
formed only once, differently from the DFSA. Therefore, the 
error in the estimation of the number of tags also occurs only 
once. Further, in relation to the problem that collision 
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increases when the number of tags is estimated to be Small, 
the present invention can reduce the loss by the frames con 
tinuing due to the collision, because the present invention 
clears the collision away within a corresponding frame 
through binary selection, instead of proceeding to the next 
frame when the collision occurs. Therefore, the present 
invention can reduce the degradation of performance 
although the estimation of the number of tags may be rather 
incorrect in comparison with the actual number of tags. 
0090 Next, comparison between the present invention 
and the prior art will be described hereinafter with reference 
to FIG. 7. 
0091 First, for performance analysis and comparison, 
mathematical analysis of the DFSA scheme, the binary tree 
scheme, and the method of the invention is presented as 
follows. 
0092 First, mathematical analysis of the DFSA is 
described below. 
(0093. For analysis of the DFSA, it is assumed that the 
estimation of the number of tags is exact. That is, it is assumed 
that the number of tags to be identified is already known. Of 
course, it is not the actual case, so the actual performance 
cannot be better than the mathematically analyzed perfor 
mance. The number n, oftags remaining in thei" frame can be 
obtained by equation (2) below. 

n; = ni-1 - Li-1 Pucci-1 (2) 

0094. In equation (2), no-Lo-n, and Lin. Under the 
above assumption, the size (L.) of the i' frame is equal to the 
number (n) of tags of thei" frame. Prefers to the success 
probability of the i' frame. 
0095. In the DFSA, a time slot necessary in order to iden 
tify all the tags can be defined by equation (3) below. 

& (3) 
TDFSA = X. Li 

i=0 

0096. Next, mathematical analysis of the binary tree 
scheme is described hereinafter. 

0097. In the binary tree scheme, if the number of collision 
is given as C(n) when n number of tags are identified, 
because a colliding tag is always divided into two groups 
(time slots), the number Ty(n) of all time slots used in the 
binary tree scheme in order to identify n number of tags can be 
calculated by equation (4) below. 

TRIN(n)-2CBIN(n)+1 (4) 

(0098. Further, p(m)=1-m' is defined as the probability 
that one tag would not select one timeslot from among mtime 
slots. When n number of tags do not select one time slot from 
among m timeslots, the corresponding timeslot is an idle slot. 
Therefore, in identifying n number of tags, the number I(nm) 
of idle time slots from among the m time slots is defined by 
equation (5) below. 
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0099 Further, when one time slot from among m number 
of time slots is selected by only one tag and is not selected by 
the other tags, the corresponding time slot is a Successful time 
slot. Therefore, in identifying n number of tags, the number 
S(nm) of Successful time slots from among the m time slots 
is defined by equation (6) below. 

0100. Therefore, in identifying n number of tags, the num 
ber C(nm) of collision timeslots from among the mtime slots 
is defined-by equation (7) below. 

0101 If equation (7) is applied to the binary tree scheme, 
because each level of the tree has two time slots, the number 
Ca(ni) of collision time slots at the level i of the binary tree 
in identifying n number of tags is defined by equation (8) 
below. 

0102 Asum of collision slots at all levels of the binary tree 
scheme corresponds to the number of collision time slots 
occurring in the binary tree when n number of tags are iden 
tified, as defined by equation (9) below. 

& (9) 

CBIN (n) =XCBIN (n, i) 
i=0 

0103) The number of all time slots used in identifying in 
number of tags is defined by equation (10) below, which is 
derived from equation (4) and equation (9). 

0104. Hereinafter, mathematical analysis of the present 
invention will be described. 
0105. The method according to the present invention 
includes a tag number estimation phase and a tag identifica 
tion phase. First, performance of the tag number estimation 
phase is discussed. A threshold tag number n, for preventing 
the collision probability from exceeding the collision prob 
ability threshold P, is defined by equation (11) below. 

1 tith 1 1 nth-l (11) 
I.) "-ni, I,( - ) i Polith = 1 - (1 

0106 Based on equation (11), the total round number 
(number of repetitions) necessary in the tag number estima 
tion phase can be defined by equation (12) below. 

(12) i: (n) = arging ( T -n.) 3 o 

0107. In equation (12), N denotes a set of natural numbers. 
Therefore, the number T(n) of all time slots used in the tag 
number estimation phase in identifying n number of tags is 
defined by equation (13) below. 
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T(n)-i(n) L. (13) 

0108. The frame size L in the identification phase is equal 
to the estimated number of tags. 
0109 According to the present invention, each time slot 
functions as a binary tree, and it is thus possible to express the 
total time slots used in the identification phase by an item of 
T(k), wherein k denotes the number of tags selecting one 
time slot. Therefore, the number T(n) of all time slots used 
in the tag recognition phase of the present invention in iden 
tifying n number of tags is defined by equation (14) below. 

k 2-k (14) 

Tidea(n) = XC ;) (1-) L. Tan () 

0110. The number T-s(n) of time slots used in the 
entire tag recognition phase in identifying n number of tags is 
defined by equation (15) below. 

0111 FIG. 7 is a graph illustrating comparison between 
the present invention and the prior art. 
0112. As noted from FIG. 7, tag identification simulations 
of the FSA, DFSA, binary tree scheme, and method of the 
present invention have been performed for comparison of 
performance. 
0113. In the FSA simulation, the frame size was fixed to 
128 and 256, and a minimum frame size (0.2xn) for estima 
tion of n number of tags by using equation (1) was used as the 
initial frame size of the DFSA. In the case of simulation 
according to the present invention, the frame size L. of the 
tag number estimation phase was set as 64, P., , was set as 
0.7, and the reduction factor f was set as 4. In this case, the 
number of rounds (number of repetitions) necessary for the 
tag number estimation phase has a value of 3 when the num 
ber of tags is 1000. The accuracy in the tag number estimation 
is referred to as C. 

0114. It is noted from FIG. 7 that a result of the simulation 
coincides with a result of the mathematical analysis. Accord 
ing to the analysis, the present invention uses a least number 
of time slots, which is 10% and 20% smaller than the DFSA 
and the binary tree scheme, respectively. In the case of basic 
FSA, the number of used time slots rapidly increased in 
proportion to the increase in the number of tags. With ideal tag 
number estimation, the DFSA shows a better performance 
than the binary tree scheme. However, in the case where the 
estimation of the number of tags is incorrect (C=0.5: when the 
estimated number of tags is /2 of the actual number of tags), 
a rapid increase in the number of time slots necessary for the 
identification was observed. Therefore, it is noted that the 
present invention is robust against the error in the estimation 
of the number of tags. 
0115 The present invention can be actually applied to a 
logistics management system, a transport system, a distribu 
tion system, a disaster relief system, etc. in order to rapidly 
identify a plurality of tags, thereby improving the system 
performance and reducing the cost. Further, the present 
invention can be efficiently applied to various identification 
and charging systems and can replace existing systems. When 
the efficient RFID identification technology of the present 
invention is applied to a sensor network, it is possible to 
improve the power efficiency. Further, the present invention 
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provides a basis on which the tag number estimation tech 
nique, which was only a theoretical approach, can be applied 
to an actual RFID system. Therefore, the present invention 
can improve the tag recognition speed and can achieve 
improvement in the performance of large RFID systems. 
Further, the present invention can be used in a place requiring 
a large quantity of logistics management and thus has mar 
ketability. Moreover, the present invention is superior to tech 
nology of the existing RFID development companies and is 
thus competent in the market of the RFID reader and tags. 
0116. As described above, in a system and method for tag 
estimation and anti-collision according to the present inven 
tion, the number of tags is estimated in order to determine the 
initial frame size by applying the binary tree scheme to only 
the colliding tags based on the FSA. Therefore, the method of 
determining the frame size according to the present invention 
is more accurate and effective and can efficiently clear away 
occurred collision. 
0117. Further, by the existing DFSA having no reference 
for determination of the initial frame size, it is difficult to 
determine the initial frame size. However, in a system and 
method for tag estimation and anti-collision according to the 
present invention, the number of tags to be identified auto 
matically determines the number of repetitions in the estima 
tion phase for estimation of exact tag number, and it is thus 
possible to optionally determine the initial frame size without 
any problem. 
0118. Further, a system and method for tag estimation and 
anti-collision according to the present invention can over 
come the problems of the prior art, including occurrence of 
too many idle times slots in the DFSA and too many initial 
collisions in the binary tree scheme, and thus can identify a 
large number of tags at a high speed with a small number of 
time slots. 
0119 Moreover, a system and method for tag estimation 
and anti-collision according to the present invention can pre 
vent the estimation of the number of tags from becoming 
more inaccurate as the collision probability of tags increases. 
0120 Although preferred embodiments of the present 
invention have been described for illustrative purposes, those 
skilled in the art will appreciate that various modifications, 
additions and Substitutions are possible, without departing 
from the scope and spirit of the invention as disclosed in the 
accompanying claims. 
What is claimed is: 
1. A system for preventing collision, which may occur 

when a Radio Frequency Identification (RFID) reader iden 
tifies an RFID tag in an RFID system including the RFID 
reader and the RFID tag, wherein the RFID reader comprises: 

an identification means for transmitting an instruction mes 
Sage to the RFID tag and receiving information from the 
RFID tag: 

a collision management means for recognizing collision 
between the RFID tags and calculating a collision prob 
ability; 

a tag number estimation means for estimating the number 
of tags by using the collision probability; and 

a reader control means for generating the instruction mes 
Sage, setting a size of a frame to be used in identification 
of the RFID tag based on the estimated number of tags, 
and controlling identification of the RFID tag, 

wherein the RFID reader performs a tag numberestimation 
phase and an identification phase in order to identify the 
RFID tag, identifies the RFID tag according to Framed 
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Slotted ALOHA (FSA) scheme by using the estimated 
number of tags, and identifies colliding tags according to 
a binary tree scheme. 

2. The system as claimed in claim 1, wherein the RFID tag 
comprises: 

a tag communication means for receiving an instruction 
message from the RFID reader and transmitting stored 
internal information to the RFID reader; 

a message reading means for reading the instruction mes 
Sage, 

a counter management means for managing a counter value 
used for transmission of information to the RFID reader; 

an information storage means for storing information; and 
a tag control means for controlling transmission of infor 

mation based on the instruction message and the counter 
value. 

3. The system as claimed in claim 2, wherein the instruc 
tion message includes information about if the estimation 
phase or the identification phase is to be performed, frame 
size information, and bitmask information containing a setup 
about if it is necessary to respond to the instruction message. 

4. The system as claimed in claim 3, wherein: 
the collision management means compares the calculated 

collision probability with a collision probability thresh 
old; 

the reader control means, when the calculated collision 
probability exceeds the collision probability threshold, 
changes the bitmask information and retransmits the 
changed bitmask information to the RFID tag through 
the identification means so that only the RFID tag 
reduced as much as a reduction factor can respond; and 

the collision management means repeatedly calculates the 
collision probability until the collision probability 
becomes lower than the collision probability threshold. 

5. The system as claimed in claim 4, wherein the number n 
of the RFID tags is defined by 

Poll = 1 - Pidie - Pucc 

1 in 1 1 n-1 
= 1 -(1-t) -n ( - ) 

wherein Pi, denotes a collision probability, P. denotes 
an idle probability, P. denotes a success probability, 
and L. denotes the frame size. 

6. The system as claimed in claim 5, wherein, when the tag 
number estimation means has repeatedly calculated the col 
lision probability, the tag number estimation means estimates 
the number of RFID tags by multiplying the calculated num 
ber of RFID tags by a reduction factor corresponding to the 
number of repetition. 

7. The system as claimed in claim 3, wherein the counter 
management means generates a random number within the 
frame size included in the instruction message and uses the 
generated random number as the counter value. 

8. The system as claimed in claim 7, wherein: 
the counter management means decreases the counter 

value by 1 when the time slot, which is a unit of the 
frame, is a successful slot or an idle slot; and 

the tag control means transmits the information to the 
RFID reader when the counter value becomes 0. 

9. The system as claimed in claim 8, wherein, when the 
collision management means recognizes occurrence of colli 
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Sion, a counter management means of a colliding RFID tag 
selects 0 or 1 and adds the selected value to its current counter 
value, and a counter management means of an un-colliding 
RFID tag adds 1 to its current counter value. 

10. A method for preventing collision, which may occur 
when an RFID reader identifies an RFID tag in an RFID 
system including the RFID reader and the RFID tag, the 
method comprising the steps of 

(1) performing a tag number estimation phase for estimat 
ing the number of RFID tags by the RFID reader and the 
RFID tag; and 

(2) performing an identification phase in order to identify 
the RFID tag by the RFID reader, 

wherein, in step (2), the RFID tag is identified according to 
the FSA scheme by using the number of tags estimated 
in the tag number estimation phase, and colliding tags 
are identified according to a binary tree scheme. 

11. The method as claimed in claim 10, wherein step (1) 
comprises the steps of 

transmitting an instruction message within an initial frame 
size by using the FSA scheme from the RFID reader to 
the RFID tag: 

transmitting information stored according to the received 
instruction message from the RFID tag to the RFID 
reader, 

recognizing collision between the RFID tags and calculat 
ing a collision probability by the RFID reader; 

estimating the number of RFID tags by using the collision 
probability by the RFID reader; and 

setting the number of tags estimated in the tag number 
estimation phase as the size of the frame. 

12. The method as claimed in claim 10, wherein step (2) 
comprises the steps of 

transmitting the instruction message to the RFID tag by the 
RFID reader; 

transmitting information stored according to the received 
instruction message to the RFID reader by the RFID tag: 

determining by the RFID reader if the RFID tag has col 
lided; and 

identifying the RFID tag according to the FSA scheme or 
the binary tree scheme based on a result of the determi 
nation by the RFID reader. 

13. The method as claimed in claim 12, wherein the 
instruction message includes information about if the estima 
tion phase or the identification phase is to be performed, 
frame size information, and bitmask information containing a 
setup about if it is necessary to respond to the instruction 
message. 

14. The method as claimed in claim 13, wherein the step of 
calculating the collision probability comprises the steps of 

comparing the calculated collision probability with a col 
lision probability threshold by the RFID reader; 

changing, when the calculated collision probability 
exceeds the collision probability threshold, the bitmask 
information and re-transmitting the changed bitmask 
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information to the RFID tag through the identification 
means so that only the RFID tag reduced as much as a 
reduction factor can respond; and 

repeatedly calculating the collision probability until the 
collision probability becomes lower than the collision 
probability threshold. 

15. The method as claimed in claim 14, wherein, in step (1), 
the number n of RFID tags is defined by 

Poll = 1 - Pidie - Pucc 

1 in 1 1 n-1 = 1 -(1-p) -n ( - ) 

wherein Pi, denotes a collision probability, P. denotes 
an idle probability, P. denotes a success probability, 
and L. denotes the frame size. 

16. The method as claimed in claim 15, wherein, in step (1), 
when the collision probability has been repeatedly calculated, 
the number of RFID tags is estimated by multiplying the 
calculated number of RFID tags by a reduction factor corre 
sponding to the number of repetition. 

17. The method as claimed in claim 16, wherein each of the 
steps of transmission to the RFID reader comprises the steps 
of: 

receiving and reading the instruction message, determin 
ing which step is to be performed from among the tag 
number estimation step and the identification step, and 
determining if it is necessary to respond, by the RFID 
tag, 

generating a random number within the frame size 
included in the instruction message and generating a 
counter value used for transmission of information by 
using the generated random number, 

decreasing the counter value by 1 by the RFID tag when the 
time slot, which is a unit of the frame, is a Successful slot 
or an idle slot: 

determining by the RFID tag if the counter value is 0; and 
transmitting the information to the RFID reader when the 

counter value is 0. 

18. The method as claimed in claim 17, wherein, when the 
collision management means recognizes occurrence of colli 
Sion, the step of identifying the RFID tag in step (2) comprises 
the steps of: 

selecting 0 or 1 and adding the selected value to a current 
counter value of a colliding RFID tag by the colliding 
RFID tag: 

adding 1 to a current counter value of an un-colliding RFID 
tag by, the un-colliding RFID tag; and 

identifying the RFID tag again by the RFID reader. 
c c c c c 


